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Since the beginning of aseptic surgery there has been a constant
search for a quick and economical means of sterilizing surgical instru-
ments without dullingeffect. Heat sterilization in oil, as introduced
by Lyman5 in 1917, has proved to be the most satisfactory method
thus far, and is widely used in hospitals. There is a definite dis-
advantage to this procedure, due to the fact that hot oil acts only
as dry heat and consequently a high temperature (i.e., 1500 C.) is
required for adequate sterilization. This temperature is above the
flash-point of most oils, and as a result it is necessary to obtain
specially distilled oil with a high flash-point. This is expensive.
Recently Gurchot and Mellars3 recommended diethylene glycol
as a medium for heat sterilization of instruments. They stated that
besides obtaining adequate sterilization in an electric sterilizer, no
dulling effect was noticed. Tuckerman' pointed out, however, that
there is a constant danger of the temperature rising above the flash-
point of 1300 C., making the apparatus a fire hazard. This difficulty
would be eliminated if the heating were to be done in an autoclave
where, under steam pressure, a temperature of 120 to 1300 C. can
be maintained.
Since the work of Koch and Wolffhugel,4 it is well known that
moist heat is effective at lower temperatures and in shorter time than
is dry heat. The common practice in hospitals of autoclaving with
steam under pressure of 18 to 20 pounds for 30 minutes is adequate
to kill the most resistant spores, if the moist heat is kept in contact
with the organism."0
With this fact in mind, plus the fact that diethylene glycol is
completely soluble in water, it seemed likely that diethylene glycol
used as a medium in the autoclave would furnish "moist heat" and
at the same time protect the sharp instruments from the dulling
effect of the steam autoclave.
Diethylene glycol is a colorless, odorless, slightly viscid fluid
with a sweetish taste which has a freezing-point of - 10.45° C., a
boiling-point of 244.50 C., heat of vaporization 150 calories per
gram, and is freely soluble in water and alcohol. It is insoluble in
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ether, benzene, and carbon tetrachloride. At ordinary temperatures
it is non-inflammable, but above 1300 C. the fumes burn with
increasing vigor with a blue flame. It is very hygroscopic, and will
absorb 60 per cent of its own weight of water in a week at ordinary
atmospheric conditions. It is not hydrolyzed in water.8
The pharmacology of diethylene glycol was first studied in 1927
by Oettingen and Jirouch,7 when it was found that a dosage of
from 2.5 to 5 cc. per kg. was necessary to produce acute nephrosis.
A more thorough study was made in 1937, following the unfortu-
nate "Elixir of Sulfanilamide-Massengill" incident, by Geiling,
Coon, and Schoeffel.2 The toxicology in man, including symptoms
and autopsy findings, was reported in 1937 by Cannon1 and by
Nelson and Ruprecht.6 It is highly improbable that a dose even
approaching toxic proportions could be transferred on a knife blade
or pair of scissors and the small amounts of drug which might be
carried to the patient on instruments can be eliminated by rinsing in
sterile water or saline.
Preliminary tests at the New Haven Hospital showed diethylene
glycol to be quite inert under usual conditions in the autoclave;
there was no fuming, foaming, boiling, or obvious change other than
absorption of a small amount of water at the surface. Razor blades
and Bard-Parker blades were autoclaved in diethylene glycol with
20 and 40 per cent of water. A blade in 100 per cent diethylene
glycol was autoclaved and allowed to stand for three weeks. It
showed no evidence of dulling. Very little evidence of discolora-
tion and dulling appeared after five days in diethylene glycol con-
taining 20 per cent of water.
Bacteriological tests were carried out to determine whether or
not diethylene glycol would act to produce "moist" or "dry heat"
in the autoclave. Spore-bearing organisms (Cl. tetani, B. antlhracis,
and B. pseudotetanicus) were used. In each case heavy spore cul-
tures were prepared in which solid objects, such as scalpel blades,
scissors, forceps, glass beads, and pieces of string were contaminated
thoroughly. The contaminated objects were then placed in test-
tubes containing sufficient diethylene glycol to cover them. Dupli-
cates were prepared, one of which was autoclaved and the other
allowed to stand at room temperature for an equal length of time
as a control. Each inoculum was tested for growth with each group
of tests. The test-tubes containing contaminated objects covered
with diethylene glycol were then placed in a steam autoclave and
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heated for 30 minutes at 17 pounds pressure. After autoclaving,
all diethylene glycol was replaced with 10 cc. of beef-heart infusion
broth and incubated at 370 C. Cl. tetani was, of course, cultured
anaerobically. The broth was examined grossly and microscopically
after 24 and 48 hours, and at variable intervals up to 168 hours
later) thentransfers were made to blood-agar plates for identification
(beef-heart infusion agar with S per cent defibrinated rabbit blood).
All bacteria were identified by morphology, typical spores, and cul-
tural characteristics. After completion of each test all broth tubes
showing no growth were reinoculated with live bacteria to make
certain that organisms would grow in the medium present.
Results
A total of 80 controlled tests were run; in 46 of these undiluted
diethylene glycol was used. Of the 46, B. pseudotetancus spores
were tested 29 times, B. anthracis spores 6 times, and Cl. tetani 11
times. Of the 29 tests with B. pseudotetamcus, two showed growth
after autoclaving. Of the 6 in which anthrax spores were used, two
showedgrowth after autoclaving; and of the 11 done with Cl. tetani,
two showed growth. Twenty-three tests were run with diethylene
TABLE 1
No
DIETHYLENE GLYCOL AS AUTOCLAVING MEDIUM
(Results of 80 tests made at New Haven Hospital)
Diethylene glycol Bacillus Bacillus Clostridium
dilutions pseudotetanicus anthracis tetarni
No No No
Growth Growth Growth Growth Growth Growth
,.1 Stock fluid 2 27 2 4 2 9
No.2 Stock+IO%o H20
No. 3 Stock + 20go H20
No. 4 Stock + 40%o H20
No. 5 Stock + 60%o H20
No. 6 Desiccated stock fluid
.... .... .. .. ....
0 1 0 3
0 1 0 3
0 1 0 3
0 3
0 5
0 3
.... ...-
.... .... 6 5
glycol diluted to 90, 80, 60, and 40 per cent. The test organisms
were B. pseudotetanicus, 3 tests; B. anthracis, 9 tests; and Cl. tetani,
11 tests. In no case in which water was added to the autoclaving
medium did growth appear after autodaving. Cultures from
unautoclaved controls showed good growth, although some retarda-YALE JOURNAL OF BIOLOGY AND MEDICINE
tion was noted due to the presence of diethylene glycol. This
inhibition was negligible when sufficient culture medium was used
to dilute the diethylene glycol.
Because of the apparent necessity of adding water to attain com-
plete sterilization, a final group of tests was done as shown in Table
2. In this experiment a quantity ofdiethylene glycol was desiccated
by heating it to a boiling-point of 244.5° C. for 10 minutes, and then
cooling under anhydrous calcium chloride. This was divided into
equal parts, to one of which was added distilled water sufficient to
dilute it to 90 per cent. Parallel tests were then run as shown in the
protocol. Growth appeared in all tests after using desiccated undi-
luted diethylene glycol. No growth appeared in the tubes in which
10 per cent of water was added.
TABLE 2
SAMPLE PROTOCOL (No. 23, Dec. 15, 1941)
Diethyl- (12-20)
ene (12-18) (12-20) Bloodagar (12-22)
Instrumnct glycol Broth Broth plate Broth
Knife blade #1 100%o Growth Growth Growth Growth
Knife blade #2 90%o All autoclaved at No No No No 17 lbs. pressure for Growth Growth Growth Growth
Scissors #1 100%^o diethylene glycol Growth Growth Growth Growth
Scissors #2 90%owas replaced by No No No No beef-heart infusion Growth Growth Growth Growth
Forceps 100 broth and incu- Forceps #1 100%0 bated anaerobically ? Growth Growth Growth
Forceps #2 90%o for 168 hours. No No No No
Growth Growth Growth Growth
Diethylene glycol was heated to a boiling point of 244.50 C. at 76 mm. Hg, then preserved in a desiccator. To half of the diethylene glycol, 10% by volume of water was added.
Each instrument was immersed in 0.5 cc. of a heavy spore suspension of Cl. tetani for 48 hours, after which control cultures were taken from each instrument, all of which showed equal growth.
Growth was determined by finding Gram-positive rods with terminal spores, feathery colonies on blood-agar plates with typical tetanus odor. Mice inoculated from the "knife #1" and "scissors #1" cultures on 12-2241 died of typical tetanus.
Of 11 tests made with desiccated diethylene glycol, 6 (54.7 per
cent) showed growth after autoclaving for 30 minutes at 17 pounds
pressure. Of 46 tests with undiluted stock diethylene glycol, 6
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(13 per cent) showed growth. Sterilization was complete in all of
23 tests in which the diethylene glycol was diluted with water. It
TABLE 3
TOTALS OF BACTERIOLOGICAL TESTS
Positive Negative
Testing fluid No. %70 No. %0 Total
With desiccated diethylene glycol ...... 6 54.7 5 45.3 11
With stock diethylene glycol .............. 6 13.0 40 87.0 46
With diluted diethylene glycol .......... 0 0 23 100.0 23
Total number of tests ...................... 12 68 80
appears from these results, therefore, that pure diethylene glycol
serves, as does oil, only to furnish "dry heat." The undiluted stock
compound undoubtedly contains a small amount of water absorbed
from the air due to its hygroscopic quality, and, therefore, it is
slightly more effective than is the desiccated compound. "Moist
heat," however, is definitely produced if 10 per cent or more of
water has been added, provided sufficient time be allowed to heat the
entire body of medium.
Cotwlusions
Diethylene glycol can be used as a medium for heat sterilization
of sharp instruments by autoclaving, provided it contains between 10
and 20 per cent of water. No appreciable dulling effect is encoun-
tered, and there is no danger of fire or explosion.
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